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H2CO and H110α observations towards NH3 sources
Ye Yuan1,2 • Jarken Esimbek1,3 • Jian Jun Zhou1,3
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Abstract We observed the H2CO (110 − 111) absorp-
tion lines and H110α radio recombination lines (RRL)
toward 180 NH3 sources using the Nanshan 25-m radio
telescope. In our observation, 138 sources were found
to have H2CO lines and 36 have H110α RRLs. Among
the 138 detected H2CO sources, 38 sources were first
detected. The detection rates of H2CO have a better
correlation with extinction than with background con-
tinuum radiation. Line center velocities of H2CO and
NH3 agree well. The line width ratios of H2CO and
NH3 are generally larger than unite and are similar to
that of 13CO. The correlation between column densities
of H2CO and extinction is better than that between
NH3 and extinction. These line width relation and col-
umn density relation indicate H2CO is distributed on a
larger scale than that of NH3 and be in similar to the
regions of 13CO. Abundance ratios between NH3 and
H2CO were found to be different in local clouds and
other clouds.
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1 Introduction
Formaldehyde (H2CO) and ammonia (NH3) are good
tracers of the physical conditions in galactic and ex-
tragalactic molecular clouds, such as density, tem-
perature and kinematics (Mangum and Wootten 1993;
Mangum et al. 2013). Both species have been de-
tected in a wide range of dense interstellar environ-
ments. However, both of them suffer uncertainties
caused by their formation mechanisms (Liszt et al.
2006). It is therefore of great interest to understand
how these molecules are formed, evolve, and are re-
lated in the dense region. NH3 is a common used
and reliable temperature probe of molecular cloud
(Walmsley and Ungerechts 1983; Wienen et al. 2012).
The hyperfine satellite components can give optical
depths, and the population of (1,1) and (2,2) can give
an indication of the kinetic temperature. NH3 emis-
sions were widely detected in molecular clouds, both in
dense cores (Myers and Benson 1983) and towards ul-
tracompact HII regions (Churchwell et al. 1990). The
typical environment parameters of NH3 emissions are
TK ≥ 10 K and n(H2) ≥ 10
4 cm−3 (Ho and Townes
1983). The H2CO absorption line was first detected
in interstellar media by Snyder et al. (1969) and then
collision cooling schemes of the doublet were developed
(Snyder et al. 1969; Garrison et al. 1975). The scheme
arrives at the lowest excitation temperature at a den-
sity region around 104 cm−3 and would be quenched at
the density larger than 106 cm−3 (Garrison et al. 1975).
This density range is expected to be higher than that
of 12CO and comparable with that of 13CO and NH3.
Few comparisons between these two tracers were
made before. Scalise et al. (1981) observed NH3 to-
wards 35 strong H2CO sources (the intensity of 6-cm
absorption line is higher than 0.5 K) in the south-
ern hemisphere. They reported 16 NH3 detections
and found no obvious statistical correlation between
2the intensities of the two lines. Nash (1990) observed
H2CO and NH3 in five clouds for their abundance ra-
tios to restrict chemistry models, but they did not dis-
cuss the other parameters that the two spectres can
probe. The abundance ratios of the two molecules
[N(NH3)/N(H2CO)] they derived are mainly between
10 and 103 in different sources. Liszt et al. (2006)
also discussed the abundance ratios of NH3 and H2CO
in local diffuse clouds and got an abundance ratio
〈N(NH3)/N(H2CO)〉 ≈ 0.4.
The H2CO(110 − 111) transition and the NH3(1,1),
(2,2) transitions are considered to be typical high den-
sity tracers in centimeter wavelength. Theoretical cal-
culations and observations suggested that these transi-
tions originated under similar environment conditions,
but very few works have been done to investigate the
relation between them directly. So we attempted to
search H2CO lines towards NH3 sources and to search
for potential relations between the two lines. In this
paper, we present a new H2CO absorption and H110α
emission survey toward 180 NH3 sources. We seek the
relation among the H2CO, H110α and NH3 lines and
make an analysis as regards the H2CO absorption phys-
ical conditions affected by 6-cm continuum, infrared
emission and extinction.
2 Observation and Data
2.1 Samples
The sources are selected from the following papers, and
the types of sources and telescopes parameters are as
follows:
1. MacDonald et al. (1981): UCHII regions, H2O
masers Herbig-Haro objects, reflection nebulae, CO
’hot spots’ and HCN emission.
(Chilbolton 25-m, Beamwidth: 2.2′)
2. Harju et al. (1993): IRAS sources in Orion and
Cepheus molecular cloud.
(Effelsberg 100-m, Beamwidth: 40′′)
3. Schreyer et al. (1996): Presumably massive young
stellar objects, from bright 100 µm objects in IRAS
Point Source Catalogue(PSC).
(Effelsberg 100-m)
4. Sridharan et al. (2002): Candidates of high-mass
proto-stellar objects (HMPOs), chosen from IRAS-
PSC with critera: a.)detected in CS emission,
b.)bright at FIR, c.)not detected in 6-cm contin-
uum.
(Effelsberg 100-m)
The total number of the sources in the four papers is
218. Since our beam size of this observation is about
10′, and to make sure the observation towards one
source would not be interfered with other sources, we
filtered part of the sources. Finally a list of 180 sources
was used and every two sources in it are at least 10′
apart. Among the 180 sources, 147 were detected to
have NH3(1,1) emission lines in the four papers above.
The line center velocities, line widths and column den-
sities of NH3 were used in the following discussions.
The sources selected and their parameters are listed in
Table 2, and the columns are as described in Section 3.
2.2 H2CO and H110α Observation
Observations of the H2CO(110 − 111) λ 6-cm ab-
sorption line (ν0=4829.6594 MHz) and H110α RRL
(ν0=4874.1570 MHz) have been made from Septem-
ber 2011 to August 2012, with the 25-m radio telescope
of the Xinjiang Astronomical Observatory of Chinese
Academy of Sciences. The telescope is located at Nan-
shan station (E87◦10′40′′, N43◦28′22′′). A dual-channel
cooling receiver was used and provided a system tem-
perature of ∼ 23 K at zenith. A Digital Filter Bank
(DFB) with 8192 channels was used. To observe H2CO
and H110α RRL simultaneously, the center frequency
of the spectrometer was set at 4851.9102 MHz . A 64
MHz bandwidth was used, resulting in a velocity res-
olution of 0.48 km s−1. Two blocks of that in DFB
with the same configuration were used simultaneously
to process the two outputs of the receiver. The half-
power beam width (HPBW) of the telescope is 9′.5 at
this wavelength. The DPFU (Degrees Per Flux Unit)
value was 0.116 K Jy−1 and the main beam efficiency
at this wavelength is 65%. A noise-diode was used to
calibrate the flux. The calibration of flux results in an
error of about 10%. The observation was performed in
position-switch mode. The on-source integration time
of each source is 12 minutes, but for weak sources, we
added observation time to make the signal-noise ratio
above 3.
2.3 6-cm Continuum Data
Sino-German 6 cm survey 1 (Sun et al. 2007) data was
used as TC in Eq.2 to calculate the opacity. Of 180
selected sources 147 were located within the survey re-
gion and 33 were outside of that. For the sources not
included in the survey, we observed 6-cm continuum
with Nanshan 25-m radio telescope, using a cross-scan
method with a bandwidth of about 400 MHz.
1http://zmtt.bao.ac.cn/6cm/
32.4 Extinction Data
Extinction towards the sources was used to estimate the
total H2 column density, using the relation N(H2) =
0.94 × 1021AV cm
−2 (Bohlin et al. 1978). The extinc-
tion data calculated from 2MASS by Dobashi (2011)2
was used.
3 Results
Of the 180 sources observed, 138 sources are detected
to have H2CO lines and 36 to have H110α RRL. 38 of
the 138 detected H2CO sources were new detections.
Among the 36 RRL detections, 31 are consistent with
H2CO, and five sources have no H2CO lines. The de-
tails are listed in Table.2. The columns are as follows:
1. -number
2. -source name
3. -right ascension of the source (J2000)
4. -declination of the source (J2000)
5. -extinction of Section 2.4
6. -6-cm continuum brightness temperature of Section
2.3, in TMB scale
7. -the line center velocity of NH3(1,1)
8. -the line width of NH3(1,1)
9. -column density of NH3, in (10
13 cm−2)
10. -detection flag of H110α; 0 means not detected in
observation, 1 means detected
11. -detection flag of H2CO; 0 means not detected in
observation, 1 means detected, 2 means detected and
newly detected
12. -reference.
The spectral lines were reduced using CLASS soft-
ware3. For each source, all scans were averaged. Then
a polynomial baseline was subtracted and gaussian fit-
tings were made. Table.3 gives the fitting results. The
columns are as follows: 1)-number; 2)-source name,
the second, third and fourth velocity components are
marked with b, c, and d if existing; 3)-LSR (Local Stan-
dard of Rest) velocity of line center and fitting error;
4)-peak intensity of H2CO lines and fitting error; 5)-
FWHM of line and fitting error; 6)-column density of
H2CO in 10
13 cm−2. For the sources with more than
one velocity component, we assumed that the compo-
nent the velocity of which is closest to the NH3 velocity
is associated with the NH3 source, which was demon-
strated to be reasonable by Kirk et al. (2007).
2http://darkclouds.u-gakugei.ac.jp/2MASS/download.html
3 CLASS is a part of GILDAS package, developed by IRAM (Institute de
Radioastronomie Millime´trique). http://www.iram.fr/IRAMFR/GILDAS/
The column densities of H2CO were derived using
the formulation in Pipenbrink and Wendker (1988):
N(H2CO) = 9.4× 10
13 τpeak ·∆V (cm
−2) (1)
where τpeak is the optical depth and ∆V is the line
width. The constant 9.4 × 1013 has already been cor-
rected for orho-para ratio and rotational ladder for ki-
netic temperature at 10K.
Because the line widths of our sources are too large,
the hyperfine structures (HFS) of H2CO(110 − 111) are
blended and cannot be used to calculate the optical
depth. We derived the optical depth through radia-
tive transfer equation. The H2CO apparent optical
depth τapp was determined through a simplified radia-
tive transfer equation.
TL = (Tex − TC − TCMB)× (1− e
−τapp) (2)
where TL is the line brightness temperature, Tex is
the excitation temperature of this transition, TC is the
continuum brightness temperature, and TCMB is the
brightness temperature of the cosmic microwave back-
ground (CMB). The TL and TC values can be obtained
through our observations directly, while the Tex values
are not clear to us. Several previous observations that
can resolve the HFS of H2CO reported that the Tex val-
ues of this transition range from 1.5K to 2.0K (Heiles
1973; Vanden Bout et al. 1983; Young et al. 2004). So
we assumed the Tex value to be the mean value of
what they reported, 1.7K. Also, we made RADEX
(van der Tak et al. 2007) Non-LTE radiative transfer
calculations to investigate the possible values of Tex.
The calculations show that the Tex tends to be lower
than the range above by about 0.5K and the consequent
departure in column density will be less than half an or-
der (see Appendix B), comparable with the uncertainty
of the orth-para ratio estimated by Darling and Zeiger
(2012). Besides, the Tkin used in the RADEX calcula-
tion is the temperature of NH3, which is the tempera-
ture of the center of the core and usually is higher than
the average value across the core. So we may have over-
estimated the efficiency of the collision. The departures
of Tex and column density, indeed, should be smaller
than the values estimated above.
4 Discussions
4.1 Influence of Extinction and Continuum Emission
The H2CO detection rate of different extinction and
continuum intervals are plotted in Fig.1. The detec-
tion rate monotonically increases with the increasing of
4a)
b)
Fig. 1 Detection rate distribution of H2CO. The gray his-
togram is the distribution of all the 180 selected sources in
each a) extinction interval, b) continuum emission temper-
ature interval. The shaded histogram is the distribution of
sources detected H2CO. The solid line is the detection rate,
using the right axis.
extinction. The sources with extinction larger than 4
mag have 100% detection rate. All the 42 sources that
did not detect H2CO have the feature of low extinction.
This suggests that the H2CO absorption associates well
with the dense region of the molecular clouds. Compar-
ative studies of the H2CO and
12CO showed that the
4.8-GHz H2CO absorption line is similar to the
12CO,
tracing the lower density region of the molecular cloud
(Ridge et al. 2006; Zhang et al. 2012; Tang et al. 2013).
This may indicate that the H2CO absorption line can
still probe the molecular cloud well, although it is be-
lieved sometimes to be dominated by background con-
tinuum radiation.
A high H2CO detection rate of continuum sources
(see Fig. 1.b)) indicates that the continuum emission
strongly affects the H2CO absorption line. The obser-
vation of Downes et al. (1980) and Zhang et al. (2012)
showed that the H2CO absorption line has a good cor-
relation with the 6-cm continuum background. Toward
the continuum sources, the continuum radiation plays
an important role in the determination of the H2CO
line intensity according to Eq.2. Therefore, the H2CO
absorption line intensities depend not only on the gas
density, but also on the background continuum level.
The relation between detection rate and continuum
brightness temperature is not as clear as that between
detection rate and extinction (see Fig.1.b). One of the
causes may be the different column densities of the fore-
ground gas. Different column densities of gas may cause
different optical depths and then influence the absorp-
tion.Besides, when the gas density is not high enough,
strong continuum emission can increase TC and Tex
in Eq.2 simultaneously (see Appendix B). So a higher
TC may not necessarily increase the absorption even
without the disturbance from column density. Compli-
cated relations between TL and TC were also reported
by Zhang et al. (2012) and Tang et al. (2014). Their
results show that there is a certain correlation between
TL and TC, but with considerable scatter.
4.2 H2CO Absorption and H110α Emission
Of all the 180 observed sources 36 have observed
the H110α. In all the sources where H110α were de-
tected, five sources have no H2CO, namely the follow-
ing: IRAS00494+5617, IRAS03595+5110, IRAS05327-
0529, IRAS06068+2030 and IRAS18151-1208. It may
be caused by the lack of the foreground dense gas in
front of the HII region. Figure.2 shows that most
sources have a low absolute value (-10 < V(H2CO) -
V(H110α) < 10 km s
−1) of two lines center velocity
differences, which suggests that the H2CO clouds as-
sociate well with the HII region and the relative mo-
tion between H2CO clouds and HII region is quite
small. This result agrees with the comparative re-
sults of H2CO clouds and HII region by Downes et al.
(1980) and Caswell and Haynes (1987). A few cases
of H2CO absorption components have large velocity
differences with H110α (above 20 km s
−1), which sug-
gests that those H2CO clouds could not be associated
with a HII region. Similar results have been noted by
Caswell and Haynes (1987), Pipenbrink and Wendker
(1988), Du et al. (2011), and Han et al. (2011).
4.3 H2CO Absorption and Infrared Emission
There are 152 IRAS sources in our observed sample.
110 H2CO absorptions and 25 H110α emissions were
detected in all IRAS sources. A high detection ratio
(about 72%) of H2CO absorption shows that the ex-
citation of the H2CO absorption line may have some
connection with the infrared emission. We compared
5Fig. 2 Histogram of the line center velocity differences
between H2CO and H110α. All the velocity components of
H2CO are used.
the relation between the H2CO flux density and IRAS
flux density in the Fig.3. The sources were divided into
two subsamples by the detection of RRLs. The fitting
between 100 µm and H2CO flux density was made. The
correlation factor of sources detected in RRLs is 0.47
and the correlation factor of sources not detected in
RRLs is 0.24. This result shows that sources detected
in RRLs have a certain correlation between 100 µm and
H2CO flux density, while sources not detected in RRLs
have no obvious correlation between 100 µm and H2CO
flux density. This agrees with the result of Du et al.
(2011). The 100 µm flux densities of the sources not
detected in RRLs have a lower value and a larger scat-
ter. Without a HII region, the interstellar radiation
field may contribute a lot in the 100 µm flux of the
sources not detected in RRLs and make the behaviors
complex (Wu et al. 2005).
4.4 Comparison between H2CO and NH3
NH3 is a high density tracer of n[H2] > 10
4 cm−3
(Ungerechts et al. 1986), while the density of H2CO
absorption line is considered to be 103 < n[H2] <
105 cm−3 (Evans et al. 1975; Henkel et al. 1980). The
lower density limit of H2CO is little than that of
NH3 and nearly the same as the density at which
13CO can probe (∼ 103 cm−3, Ungerechts et al. 1997;
Wienen et al. 2012). So it would be inferred that the
H2CO roughly traces the region between that of
13CO
and NH3.
4.4.1 Line-center Velocity and Line Width
The correlation of NH3 and
13CO (1-0) emission to-
wards 870µm sources was analyzed by Wienen et al.
• • • •
• • • •
Fig. 3 Relationship between H2CO flux density and in-
frared flux density of: a) 12µm; b) 25µm; c) 60µm; d)
100µm. The cycles are the sources detected in RRLs, and
the triangles are sources not detected in RRLs. The solid
line in d) is the fitting result of sources detected in RRLs,
and the dash line is that of sources not detected in RRLs.
(2012). They observed NH3 lines towards the APEX
Telescope Large Area Survey (ATLASGAL) sources
and extracted 13CO(1-0) lines of the sources from the
University-Five College Radio Astronomy Observatory
Galactic Ring Survey (GRS) (Jackson et al. 2006). The
line center velocity differences between 13CO(1-0) and
NH3 lines are smaller than the NH3 (1,1) line width
for most of the sources. The line width of 13CO is
mostly broader than NH3 lines. Turbulence or multiple
structures within a large scale was considered to cause
the 13CO line width to be broader than that of NH3
(Wienen et al. 2012).
We analyzed the line center velocities of NH3 and
H2CO, and we found that 90% of the sources have a
velocity difference <2.4 km s−1and 65% have a differ-
ence <1 km s−1(see Fig.4). This difference distribution
is smaller than that between 12CO and NH3 shown in
Churchwell et al. (1990), which they considered to be
small enough to originate in the same dynamical sys-
tem. Although more sources have negative velocity dif-
ferences than positive values, this is of marginal signif-
icance given our velocity resolution. For most of the
sources, the velocity difference is smaller than both the
H2CO line width and the NH3 line width (see Fig.4).
This behavior is similar to the results of the obser-
vations that searched for core-to-envelope relative mo-
tions (Walsh et al. 2007; Wienen et al. 2012).
Both H2CO and NH3 have HFS, so the observed line
width cannot represent the Doppler width directly, as
Nash (1990) suggested when they attempted to com-
pare the line widths of these two lines. Usually, fit-
ting to a less blended HFS component is used to get
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Fig. 4 The probability distribution of the VLSR difference
between molecules and NH3. The dashed lineis the prob-
ability distribution of the velocity difference between our
H2CO observation and NH3; the solid line is that between
13CO and NH3 from Wienen et al. (2012).
the intrinsic line width in this case, such as method
NH3(1,1) fitting in CLASS software. But for H2CO
(110 − 111) lines, the HSF components are too close
together compared to the line width to make such a
fitting. Even the farthest component from the group,
F=1-0, is only about 1.2 km s−1away from the group
center, which can easily be blended in most sources,
as is shown in Tucker et al. (1971). To solve this
problem, we introduced a similar simulation follow-
ing Barranco and Goodman (1998), to get a simulated
intrinsic line width from direct observed value. The
details of this simulation are presented in Appendix
A, and the result shows that the difference between
blended line width and intrinsic line width is less than
20% for most of our sources. So we did not distinguish
between observed line width and intrinsic line width in
the following discussions.
The mean value of H2CO line width is 3.3km s
−1,
and that of NH3(1,1) lines is 1.9km s
−1. On average,
the line width of H2CO is larger than that of NH3(1,1).
We plotted the probability distribution of the line width
ratio between H2CO and NH3 (dVH2CO/dVNH3) in
Fig.5. The distribution of the line width ratio be-
tween 13CO (1-0) and NH3 (1,1) (dV13CO/dVNH3) from
Wienen et al. (2012) was also attached to Fig.5. The
curve shows that more than 88% of the sources have a
H2CO line width which is larger than NH3 line width,
and 80% of the sources have H2CO line width which
is 1.2 times larger than that of NH3. The distri-
bution of dVH2CO/dVNH3 is very similar to that of
dV13CO/dVNH3 . The average of dV13CO/dVNH3 is 2.1
and that of dVH2CO/dVNH3 is 1.9. The max differ-
ence (D) of the two cumulative probability curve is
Fig. 5 The probability distribution of line width ra-
tio between molecules and NH3, dV13CO/dVNH3 and
dVH2CO/dVNH3 . The solid line and shaded histogram are
cumulative curve and probability distribution of the ratio
between H2CO and NH3; the dashed line and the gray his-
togram are that between 13CO and NH3 from Wienen et al.
(2012).
0.109. The Kolmogoroff-Smirnov (K-S) statistic proba-
bility (P value) of this D value is 0.265 with the param-
eter N=82.72, or P=0.570 with N=50. This similarity
may indicate that the H2CO line exist in the similar re-
gions as the 13CO does, which was considered to trace a
larger scale than the NH3 dose and to be broader than
NH3 line because of turbulence within that larger scale
(Wienen et al. 2012). This also agrees with the spatial
distribution relation between H2CO and
13CO observed
in Tang et al. (2013).
4.4.2 Column Density and Abundance
The H2CO and NH3 column densities are plotted
against the H2 column density in Fig.6. To match the
regions observed by the molecules, we used the extinc-
tion data of the center (1′) for NH3 and the average of
extinction data within 10′ for H2CO. The correlation
between N[H2CO] and N[H2] seems to be better than
that between N[NH3] and N[H2]. The Pearson corre-
lation factor for data in Fig.6.a) is 0.54 and that for
Fig.6.b) is -0.28. The extinctions are usually considered
to be able to trace low H2 density regions, even lower
than 13CO does (Goodman et al. 2009; Padoan et al.
2006). Then a better correlation between H2CO and
a low-density-sensitive tracer indicates that the H2CO
may also tend to trace the low density region. This
agrees with the relative position of H2CO and NH3 got
in Section 4.4.1 through the line width relation.
The abundance ratio of X[NH3]/X[H2CO] was as-
sumed to be the ratio of the column densities following
Nash (1990). In the range of H2 column density N(H2)
7a)
b)
Fig. 6 H2CO and NH3 column density plotted against
H2 column density. The upper panel (a) is the column
density of NH3 and the lower panel (b) is that of H2CO.
The H2 column density was calculated using N(H2) =
0.94 × 1021AV (cm
−2) in Bohlin et al. (1978).
∼ 1019 − 1022 (cm−2), the majority of the abundance
ratios log(X[NH3]/X[H2CO]) have a range from 0 to
3 and the mean value of them is 1.26 (Fig.7). This
mean value is approximately equal to the ratio pre-
dicted by models in Nash (1990), which gives an aver-
age value of 1.25 for log(X[NH3]/X[H2CO]). But obser-
vations of Mebold et al. (1987) and Liszt et al. (2006)
showed rather different values for the abundance ra-
tio, -0.79 and -0.40 for Log(X[NH3]/X[H2CO]) respec-
tively. Mebold et al. (1987) observed three high lati-
tude clouds with these two molecules and Liszt et al.
(2006) observed towards two local diffuse clouds , while
Nash (1990) observed several sources in five clouds, and
most of which have a latitude between ±1◦ . Accord-
ing to McGehee (2008), most of the molecular clouds at
high galactic latitude are proximity to the Sun. Then
we may reach a hypothesis that the abundance ratios
of NH3 and H2CO are different between local clouds
and other clouds. The sources of Mebold et al. (1987)
and Liszt et al. (2006) are considered to be located in
the local clouds and have a lower abundance ratio. We
divided our sample into two subsamples by their galac-
tic latitudes. The sources with |b| > 5◦ were assumed
to be local clouds. The average value of the abundance
ratio were calculated in each subsamples. The average
abundance ratios of the two subsamples and the three
literatures above are plotted in Fig.8 The sources sus-
pected to be local clouds (inside the gray box ) seem to
have a lower X[NH3]/X[H2CO] ratio than the others.
This result suggests that there might be some differ-
ences in physical and chemical conditions between the
two types of clouds.
Fig. 7 Abundance ratio of NH3 and H2CO vs. H2 column
density.
Nash (1990)
|b|<5
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Fig. 8 The abundance ratio of NH3 and H2CO in local
clouds and other clouds. The five columns of data points
are the average of: models in Nash (1990); sources in our
work that have galactic latitude smaller than 5◦; sources in
our work that have galactic latitude larger than 5◦; data of
Mebold et al. (1987); data of Liszt et al. (2006). The error
bar is the standard deviation.
85 Summary
We observed 180 NH3 sources and detected 138 sources
with H2CO (110 − 111) lines and 36 with H110α RRLs.
Among the 138 H2CO detections, 38 were considered as
newly detected. The detection rate of H2CO increases
monotonically with the increasing of extinction, but it
seems to have a complex relation with 6-cm continuum
radiation. The line center velocity differences between
H2CO and NH3 are small, which suggests that the two
molecules should belong to the same dynamical system.
The average line width of H2CO is 2.1 times that of
NH3, and the probability distribution curve of the line
width ratios between H2CO and NH3 is close to that
of 13CO. This line width relation suggests that H2CO
may be distributed in a larger and lower density region
than NH3 does, and this is similar to that of
13CO. The
H2CO column density correlated to H2 column density
(derived from extinction) well. This also suggests that
the H2CO exists in a larger scale than NH3. The Abun-
dance ratio X[NH3]/X[H2CO] varies from 1 to 10
3 and
is significantly smaller in local clouds.
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A Simulation of Blended H2CO HFS
The optical depth of all the HFS is simply assumed
to be a superposition of N components,
τ(v) =
N∑
j=1
αj τ0 exp
{
− 4 ln 2
[v − (vj + v0)
∆vint
]2}
(A1)
where αj and vj are the intensity and velocity of the j th
HFS component, and ∆vint is the intrinsic line width.
The αj and vj data of H2CO(110 − 111) HFS compo-
nents were got from (Tucker et al. 1971). Because the
optical depth of H2CO(110 − 111) in most cases is far
less than 1, we assume that the intensity is proportional
to the opacity. So the spectra line profile is the same
as τ(v).
Spectra for ∆vint between 0.43 to 8.69 at intervals of
0.43km/s (7KHz to 140KHz at intervals of 7KHz) were
calculated using Eq.A1. Then single gaussian fittings
were made to get the blended line width. The simulated
spectra are shown in Fig.14 and the fitting results are
listed in Table. 1. The ratios between blended and un-
blended line widths are plotted in Fig.9. Because most
of our observed line widths are larger than 1km s−1,
this HFS blending effect would not make much differ-
ence as regards our sources.
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Fig. 9 The ratio of blended line width to intrinsic line
width is plotted against the blended line width. The gray
box is the region with a ratio between 1.2 and 1.
B Non-LTE Radiative Transfer of H2CO
To absorb the CMB radiation as observed, the H2CO
110 − 111 transition must have an excitation temper-
ature lower than CMB. The different cross sections
of transitions in collision are considered to be the
most likely reason to generate such a low excitation
temperature (Townes and Cheung 1969; Garrison et al.
Table 1 HFS simulation result
Intrinsic linewidth Observed linewidth
(km s−1) (km s−1)
0.43 0.71
0.87 1.08
1.30 1.49
1.74 2.00
2.17 2.41
2.61 2.81
3.04 3.22
3.48 3.64
3.91 4.06
4.35 4.48
4.78 4.90
5.21 5.32
5.65 5.75
6.08 6.18
6.52 6.60
6.95 7.03
7.39 7.45
7.82 7.88
8.26 8.29
8.69 8.70
1975; Evans et al. 1975). The excitation of H2CO
should be treated with a non-LTE method, because
the LTE approximation would cause an excitation tem-
perature above CMB. We used the Radex Non-LTE
molecular radiative transfer code (van der Tak et al.
2007) to calculate the excitation of H2CO. The pre-
dicted line brightness temperature (TL) and excita-
tion temperature (Tex) were calculated from the in-
put H2 number density (n[H2]), H2CO column den-
sity (N[H2CO]), background brightness temperature
(Tbg) and kinetic temperature (Tkin), where Tbg is the
background brightness temperature, which is equal to
TC +TCMB in Eq.2.
The result shows that the competition between col-
lision and background radiation dominates the excita-
tion process of H2CO. Figure.10 shows Tex vs. Tbg
under different Tkin and n[H2]. Under both low n[H2]
and high n[H2] conditions, Tex is less sensitive to Tkin
at high Tkin (Tkin > 20K). A similar relation be-
tween Tex and Tkin was obtained by Darling and Zeiger
(2012) in high redshift galaxies. At low n[H2], collisions
are insufficient. Then the background radiation domi-
nates the level populations and the excitation temper-
ature of H2CO almost follows the variation of Tbg, i.e.
Tex ≈ Tbg − Constant, as is shown in Fig.10.a). This
may contribute to the less clear relation between the
detection rate and TC in Fig.1.b). At high n[H2], colli-
sions dominate the level populations and the excitation
temperature keeps almost constant over the whole Tbg
range.
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The possible n[H2] values of H2CO 6-cm lines
are considered to be 103 < n[H2] < 10
5(cm−3)
(Evans et al. 1975; Henkel et al. 1980). The exact value
of n[H2], which in principle can be derived through the
relative intensity of 110 − 111 (6 cm) and 211 − 212 (2
cm) (Henkel et al. 1980; Mangum et al. 2008), is un-
known because only the 6-cm lines were observed. But
in that n[H2] interval, the n[H2] seems not to influence
the N[H2CO] too much, as the contours in that region
in Fig.11.a) are almost parallel to the horizontal axis.
To find the potential uncertainty introduced by the
unknown n[H2], we calculated the N[H2CO] under the
assumptions that n[H2]=10
2, 103, 104, and 105 (cm−3)
respectively. The histogram distributions of the column
densities are plotted in Fig. 11.b). The column density
distributions of n[H2]=10
3, 104, and 105 (cm−3) are al-
most the same, and that of n[H2]=10
2 (cm−3) is about
one order larger than the others. We also plotted the
histogram distribution of column densities under the
assumption that Tex=1.7K in Section 3. The N[H2CO]
distribution of Tex=1.7K is about half an order larger
than that of 103 < n[H2] < 10
5(cm−3).
Fig. 10 Excitation temperature of H2CO vs. background
brightness temperature. The thick black line is for Tex =
Tbg.
C Tables
a)
b)
Fig. 11 a),Contours of TL in log(n[H2]) − log(N[H2CO])
space. The figure presented a map of calculated TL in
log(n[H2]) − log(N[H2CO]) space. For each source, one
contour on which TL is equal to the observed TMB is
drawn. b) Histogram of N[H2CO] under different assump-
tions: n[H2]=10
2, 103, 104, 105 (cm−3) and Tex=1.7K.
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Table 2 Source
Number Source RA(J2000) Dec(J2000) Av TC VLSR(1,1) ∆V(1,1) N[NH3] H110α
a H2CO
b refc
h:m:s ◦:′:′′ (mag) (K) (km s−1) (km s−1) (1013cm−2) Detected? Detected?
001 IRAS00338+6312 00:36:47.5 +63:29:02 1.03 ... -17.8 2.3 99.8 0 1 3
002 IRAS00494+5617 00:52:23.7 +56:33:45 0.87 0.67 -30.3 2.6 87.0 1 0 2
003 IRAS01194+6136 01:22:48.6 +61:52:15 4.76 0.16 ... ... ... 0 1 3
004 IRAS02219+6152 02:25:42.8 +62:06:05 3.20 8.84 ... ... ... 0 1 3
005 IRAS02230+6202 02:26:50.8 +62:15:52 1.49 3.70 ... ... ... 1 1 3
006 IRAS02232+6138 02:27:01.1 +61:52:14 2.20 1.20 -46.5 2.7 51.4 1 1 3
007 IRAS02244+6117 02:28:14.0 +61:31:12 1.33 0.91 -49.7 2.1 ... 1 1 3
008 IRAS02575+6017 03:01:32.3 +60:29:12 1.29 0.22 -38.1 2.0 24.7 0 1 3
009 IRAS02593+6016 03:03:17.9 +60:27:52 1.15 0.17 -38.3 1.8 ... 0 1 3
010 IRAS03035+5819 03:07:25.6 +58:30:52 0.41 0.02 -39.6 1.7 11.7 0 0 3
011 IRAS03064+5638 03:10:15.3 +56:50:18 0.47 0.03 ... ... ... 0 0 3
012 IRAS03211+5446 03:24:59.1 +54:57:25 0.66 0.03 ... ... ... 0 0 3
013 IRAS03236+5836 03:27:38.6 +58:46:58 3.86 ... -12.9 2.3 ... 0 1 3
014 GGD2-3 03:28:50.3 +31:06:19 2.31 ... 7.2 1.1 ... 0 2 1
015 IRAS03260+3111 03:29:10.4 +31:21:59 4.76 ... ... ... ... 0 1 3
016 IRAS03595+5110 04:03:17.7 +51:18:57 0.06 1.52 ... ... ... 1 0 3
017 IRAS04073+5102 04:11:05.6 +51:10:16 0.37 1.57 ... ... ... 1 2 3
018 IRAS04269+3510 04:30:14.4 +35:16:30 4.63 0.03 ... ... ... 0 2 3
019 IRAS04324+5106 04:36:19.7 +51:12:45 1.28 0.04 -36.0 3.2 ... 0 2 3
020 IRAS04329+5047 04:36:48.5 +50:53:25 0.46 0.10 ... ... ... 0 2 3
021 IRAS05100+3723 05:13:25.4 +37:27:04 0.41 0.15 ... ... ... 0 2 3
022 IRAS05197+3355 05:23:04.5 +33:58:27 0.09 0.15 ... ... ... 0 0 3
023 IRAS05274+3345 05:30:45.6 +33:47:52 0.33 ... -3.6 2.2 45.9 0 2 3
024 IRAS05281+3412 05:31:26.6 +34:14:58 0.92 0.12 ... ... ... 0 0 3
025 IRAS05302-0537 05:32:41.7 -05:35:48 1.75 ... 8.8 0.7 48.0 0 2 2
026 IRAS05327-0529 05:35:10.0 -05:27:53 1.85 25.55 9.2 1.5 58.0 1 0 2
027 IRAS05327-0457 05:35:14.4 -04:55:45 3.53 ... 11.9 1.5 ... 0 1 3
028 IRAS05334-0611 05:35:51.9 -06:10:00 1.09 ... 8.6 1.3 26.0 0 2 2
029 IRAS05338-0624 05:36:19.0 -06:22:13 2.07 ... 7.1 1.0 166.0 0 1 2
030 IRAS05340-0603 05:36:28.2 -06:01:18 0.30 0.03 8.2 0.6 81.0 0 2 2
031 IRAS05341-0530 05:36:38.4 -05:28:16 0.87 0.29 ... ... ... 0 0 3
032 IRAS05345+3157 05:37:47.8 +31:59:24 1.01 ... ... ... ... 0 2 3
033 IRAS05363-0702 05:38:46.4 -07:01:05 6.63 ... 3.3 0.9 22.0 0 2 2
034 IRAS05355+3039 05:38:47.2 +30:41:28 1.51 0.01 ... ... ... 0 0 3
035 IRAS05358+3543 05:39:10.4 +35:45:19 1.28 0.03 -17.4 2.2 50.9 0 1 3
036 IRAS05375-0731 05:39:56.1 -07:30:26 5.50 ... 4.8 1.1 98.0 0 1 2
037 IRAS05378-0750 05:40:16.7 -07:48:33 4.42 ... 4.6 0.4 33.0 0 2 2
038 GGD4 05:40:25.1 +23:50:56 1.47 ... 2.3 1.9 24.7 0 1 1
039 S235 05:40:51.5 +35:41:31 3.55 0.07 -17.0 2.0 ... 0 2 1
040 GGD7 05:40:48.2 -08:07:31 5.31 0.01 5.6 1.3 18.8 0 1 1
041 IRAS05387-0149 05:41:19.0 -01:47:33 6.99 0.90 10.3 1.6 ... 1 1 3
042 IRAS05389-0756 05:41:23.8 -07:55:13 4.45 0.05 4.5 0.7 62.0 0 1 2
043 IRAS05391-0217 05:41:37.9 -02:15:52 4.21 ... ... ... ... 0 1 3
044 IRAS05393-0156 05:41:49.5 -01:55:17 8.73 7.72 10.7 2.1 (2.2 1 1 3
045 IRAS05403-0818 05:42:47.3 -08:17:06 2.28 0.40 3.3 0.8 51.0 0 0 2
046 IRAS05404-0948 05:42:47.7 -09:47:24 4.33 0.05 2.9 0.5 25.0 0 2 2
047 IRAS05405-0117 05:43:02.5 -01:16:23 4.93 ... 9.3 0.3 119.0 0 1 2
048 IRAS05413-0104 05:43:51.5 -01:02:52 0.26 0.04 1.7 0.6 37.0 0 2 2
049 IRAS05435-0015 05:46:04.5 -00:14:22 3.59 0.01 10.4 0.6 67.0 0 0 2
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Table 2—Continued
Number Source RA(J2000) Dec(J2000) Av TC VLSR(1,1) ∆V(1,1) N[NH3] H110α
a H2CO
b refc
h:m:s ◦:′:′′ (mag) (K) (km s−1) (km s−1) (1013cm−2) Detected? Detected?
050 IRAS05437-0001 05:46:17.8 -00:00:17 5.16 ... ... ... ... 0 1 3
051 IRAS05450+0019 05:47:34.6 +00:20:08 6.85 ... 9.2 0.8 60.0 0 1 2
052 IRAS05480+2545 05:51:10.8 +25:46:14 1.30 0.01 -9.4 2.3 79.7 0 2 3
053 IRAS05490+2658 05:52:12.9 +26:59:33 1.96 0.05 0.8 1.5 22.7 0 1 3
054 IRAS05553+1631 05:58:13.9 +16:32:00 0.92 ... 5.7 2.2 ... 0 0 3
055 IRAS06006+3015 06:03:54.1 +30:14:55 0.20 0.05 -8.7 1.6 (3.2 0 1 3
056 IRAS06013+3030 06:04:34.3 +30:30:40 1.92 0.01 ... ... ... 0 0 3
057 MON-R2 06:07:45.3 -06:23:09 5.16 ... 10.3 2.6 10.8 1 1 1
058 IRAS06055+2039 06:08:32.8 +20:39:16 1.42 0.18 8.7 2.8 48.3 0 1 3
059 IRAS06056+2131 06:08:41.0 +21:31:01 1.30 0.07 2.6 1.6 19.4 0 1 3
060 IRAS06061+2151 06:09:07.8 +21:50:39 1.37 0.01 -0.6 3.1 56.1 0 2 3
061 IRAS06063+2040 06:09:21.9 +20:39:28 1.34 0.65 ... ... ... 0 0 3
062 IRAS06068+2030 06:09:51.7 +20:30:04 0.81 0.88 ... ... ... 1 0 3
063 IRAS06073+1249 06:10:12.4 +12:48:46 0.17 0.02 ... ... ... 0 0 3
064 GGD12-15 06:10:54.5 -06:11:28 2.53 ... 11.7 1.4 6.1 0 1 1
065 GGD16-17 06:12:47.5 -06:13:51 1.64 0.15 11.7 1.9 ... 0 2 1
066 IRAS06105+1756 06:13:28.3 +17:55:30 1.52 0.08 ... ... ... 0 2 3
067 IRAS06114+1745 06:14:23.7 +17:44:36 0.66 0.01 8.1 1.9 ... 0 2 3
068 IRAS06117+1350 06:14:36.6 +13:49:35 0.22 0.08 ... ... ... 0 2 3
069 IRAS06155+2319 06:18:35.2 +23:18:11 1.59 0.07 ... ... ... 0 0 3
070 IRAS06308+0402 06:33:31.1 +04:00:07 1.87 0.04 ... ... ... 0 2 3
071 ROSETTE-IRS 06:34:35.6 +04:12:38 2.75 0.08 12.6 1.3 ... 0 2 1
072 IRAS06380+0949 06:40:45.7 +09:46:33 1.73 0.09 ... ... ... 0 1 3
073 IRAS06384+0932 06:41:11.0 +09:29:32 2.25 0.07 7.9 2.6 80.6 0 1 3
074 IRAS06412-0105 06:43:45.0 -01:08:07 0.02 0.07 ... ... ... 0 0 3
075 IRAS06567-0355 06:59:15.8 -03:59:39 0.89 0.02 25.0 2.2 39.3 0 2 3
076 IRAS06581-0848 07:00:30.9 -08:52:40 0.29 0.01 ... ... ... 0 1 3
077 IRAS07029-1215 07:05:16.9 -12:20:02 1.02 0.14 ... ... ... 0 0 3
078 IRAS07061-0414 07:08:38.8 -04:19:08 0.04 0.08 ... ... ... 0 0 3
079 IRAS07299-1651 07:32:10.0 -16:58:15 1.43 0.08 ... ... ... 0 0 3
080 IRAS07427-2400 07:44:51.9 -24:07:41 0.03 0.01 ... ... ... 0 0 3
081 IRAS18090-1832 18:12:01.9 -18:31:56 -0.09 0.94 109.8 3.0 457.1 0 1 4
082 IRAS18102-1800 18:13:12.2 -17:59:35 0.48 1.67 21.1 2.2 295.1 1 1 4
083 IRAS18089-1732 18:11:51.3 -17:31:29 3.89 0.53 33.8 3.5 416.9 0 1 4
084 IRAS18159-1550 18:18:47.3 -15:48:58 1.02 0.82 59.9 ... ... 0 1 4
085 IRAS18151-1208 18:17:57.1 -12:07:22 0.46 1.34 32.8 ... ... 1 0 4
086 IRAS18182-1433 18:21:07.9 -14:31:53 1.05 0.78 59.1 3.0 213.8 0 1 4
087 IRAS18223-1243 18:25:10.9 -12:42:17 1.13 0.99 45.5 1.7 218.8 0 1 4
088 IRAS18272-1217 18:30:02.7 -12:15:27 0.35 0.42 34.0 ... ... 0 0 4
089 IRAS18264-1152 18:29:14.3 -11:50:26 3.18 0.59 43.6 2.4 166.0 0 1 4
090 IRAS18247-1147 18:27:31.1 -11:45:56 0.17 0.95 121.7 3.3 151.4 0 0 4
091 IRAS18290-0924 18:31:44.8 -09:22:09 0.07 1.02 84.3 1.7 302.0 1 1 4
092 IRAS18308-0841 18:33:31.9 -08:39:17 0.63 1.07 77.1 1.9 354.8 0 1 4
093 IRAS18310-0825 18:33:47.2 -08:23:35 0.70 1.78 84.4 2.7 467.7 1 1 4
094 G23.95+0.15 18:34:24.0 -07:54:53 0.53 1.19 80.6 2.1 16.4 0 1 1
095 IRAS18337-0743 18:36:29.0 -07:40:33 2.18 1.82 57.9 2.6 426.6 1 1 4
096 G24.49-0.04 18:36:05.5 -07:31:23 2.32 1.71 109.6 2.6 8.4 1 1 1
097 G24.8+0.1 18:36:12.2 -07:11:55 2.10 2.42 110.2 3.2 ... 0 1 1
098 IRAS18345-0641 18:37:16.8 -06:38:32 0.51 1.27 95.9 ... ... 0 0 4
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Table 2—Continued
Number Source RA(J2000) Dec(J2000) Av TC VLSR(1,1) ∆V(1,1) N[NH3] H110α
a H2CO
b refc
h:m:s ◦:′:′′ (mag) (K) (km s−1) (km s−1) (1013cm−2) Detected? Detected?
099 IRAS18348-0616 18:37:29.0 -06:14:15 0.25 2.19 109.5 1.8 245.5 1 1 4
100 IRAS18372-0541 18:39:56.0 -05:38:49 0.56 1.36 23.6 1.5 61.7 0 1 4
101 IRAS18385-0512 18:41:12.0 -05:09:06 0.26 1.41 26.0 2.8 120.2 0 0 4
102 G28.86+0.07 18:43:45.9 -03:35:36 0.39 1.28 99.8 1.9 ... 0 1 1
103 IRAS18431-0312 18:45:46.9 -03:09:24 0.59 0.86 105.2 1.4 239.9 0 0 4
104 IRAS18460-0307 18:48:39.2 -03:03:53 0.86 0.55 83.7 2.2 213.8 0 2 4
105 W43S 18:46:03.9 -02:39:12 0.79 3.14 97.6 3.2 ... 1 1 1
106 IRAS18447-0229 18:47:23.7 -02:25:55 1.27 2.32 102.6 1.8 229.1 1 1 4
107 IRAS18437-0216 18:46:22.7 -02:13:24 0.52 1.49 110.8 1.8 166.0 1 2 4
108 IRAS18426-0204 18:45:12.8 -02:01:12 0.72 0.77 15.0 2.1 195.0 0 1 4
109 IRAS18454-0158 18:48:01.3 -01:54:49 0.74 4.18 52.6 1.7 147.9 1 1 4
110 IRAS18440-0148 18:46:36.3 -01:45:23 0.89 1.65 97.6 1.9 389.0 1 1 4
111 IRAS18454-0136 18:48:03.7 -01:33:23 1.26 1.99 38.9 2.5 100.0 0 1 4
112 G31.4-0.3 18:47:34.2 -01:12:46 0.91 0.80 96.2 2.3 ... 0 1 1
113 IRAS18488+0000 18:51:24.8 +00:04:19 0.07 0.93 82.7 2.4 251.2 1 1 4
114 IRAS18472-0022 18:49:50.7 -00:19:09 -0.02 0.52 49.0 2.0 147.9 0 0 4
115 IRAS18470-0044 18:49:36.7 -00:41:05 0.12 0.83 96.5 3.9 501.2 0 0 4
116 IRAS18502+0051 18:52:50.3 +00:55:29 1.64 0.74 107.5 2.0 162.0 0 1 2
117 W48 19:01:47.5 +01:13:12 1.74 2.54 42.6 1.9 25.0 1 1 1
118 S68 18:30:00.4 +01:14:05 5.57 ... 7.8 1.8 6.5 0 2 1
119 G34.3+0.1 18:53:18.4 +01:14:46 2.58 2.43 58.1 2.8 9.2 1 1 1
120 IRAS18521+0134 18:54:40.8 +01:38:02 1.24 1.09 76.0 2.0 169.8 0 0 4
121 IRAS18515+0157 18:54:04.2 +02:01:34 3.27 0.62 52.9 1.9 22.0 0 1 2
122 IRAS18530+0215 18:55:34.2 +02:19:08 2.25 1.03 77.7 3.7 263.0 0 1 4
123 IRAS18540+0220 18:56:35.6 +02:24:54 -0.07 1.24 49.6 3.9 27.5 1 1 4
124 IRAS18566+0408 18:59:09.9 +04:12:14 1.77 1.04 85.2 ... ... 0 1 4
125 IRAS18553+0414 18:57:52.9 +04:18:06 1.34 0.55 10.0 3.0 316.2 0 1 4
126 IRAS18517+0437 18:54:13.8 +04:41:32 1.17 0.28 43.9 ... ... 0 0 4
127 IRAS19012+0536 19:03:45.1 +05:40:40 0.70 0.63 65.8 2.6 15.5 0 0 4
128 IRAS19035+0641 19:06:01.1 +06:46:35 0.33 0.32 32.4 ... ... 0 0 4
129 S76E 18:56:11.8 +07:53:24 3.22 0.85 32.7 2.3 ... 1 1 1
130 IRAS19074+0752 19:09:53.3 +07:57:22 0.74 0.34 54.8 ... ... 0 1 4
131 G45.49+0.13 19:14:11.2 +11:13:01 0.08 1.29 59.3 1.9 ... 1 1 1
132 IRAS19175+1357 19:19:49.1 +14:02:46 0.26 0.91 14.6 ... ... 1 1 4
133 IRAS19220+1432 19:24:19.7 +14:38:03 0.24 0.75 68.8 ... ... 1 1 4
134 IRAS19217+1651 19:23:58.8 +16:57:37 -0.01 0.28 3.5 2.8 239.9 0 1 4
135 IRAS19266+1745 19:28:54.0 +17:51:56 3.73 0.38 5.0 2.5 53.7 0 1 4
136 IRAS19282+1814 19:30:28.1 +18:20:53 2.07 0.38 23.6 1.0 57.5 0 1 4
137 IRAS19403+2258 19:42:27.2 +23:05:12 0.74 0.22 26.7 1.0 ... 0 0 4
138 IRAS19411+2306 19:43:18.1 +23:13:59 1.88 0.45 29.0 1.6 97.7 0 1 4
139 IRAS19413+2332 19:43:28.9 +23:40:04 1.89 0.17 20.8 ... ... 0 1 4
140 S87 19:46:20.5 +24:35:22 0.38 0.26 24.1 1.7 2.7 0 1 1
141 S88 19:46:49.7 +25:12:56 1.57 0.84 21.8 2.1 ... 1 1 1
142 IRAS19471+2641 19:49:09.9 +26:48:52 0.48 0.62 21.0 ... ... 1 1 4
143 IRAS20081+2720 20:10:11.5 +27:29:06 4.21 ... 5.7 ... ... 0 1 4
144 ON1 20:10:09.2 +31:31:36 0.80 0.03 11.0 2.5 7.9 0 1 1
145 IRAS20051+3435 20:07:03.8 +34:44:35 0.31 0.11 11.6 ... ... 0 1 4
146 S106 20:27:19.9 +37:22:42 1.90 1.84 -1.5 1.7 15.5 0 1 1
147 ON2 20:21:42.1 +37:26:08 0.64 1.40 -0.3 3.0 ... 1 1 1
1
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Table 2—Continued
Number Source RA(J2000) Dec(J2000) Av TC VLSR(1,1) ∆V(1,1) N[NH3] H110α
a H2CO
b refc
h:m:s ◦:′:′′ (mag) (K) (km s−1) (km s−1) (1013cm−2) Detected? Detected?
148 IRAS20205+3948 20:22:21.9 +39:58:05 2.40 1.55 -1.7 ... ... 0 1 4
149 IRAS20293+3952 20:31:10.7 +40:03:10 2.49 0.80 6.3 ... ... 0 2 4
150 IRAS20275+4001 20:29:24.1 +40:11:14 0.35 1.16 -5.3 2.4 15.0 1 1 2
151 IRAS20126+4104 20:14:26.0 +41:13:32 0.02 0.45 -3.8 ... ... 0 0 4
152 IRAS20216+4107 20:23:23.8 +41:17:40 2.54 1.00 -2.0 ... ... 0 2 4
153 R131 20:24:25.7 +42:16:05 1.56 0.65 5.0 1.7 7.1 0 1 1
154 IRAS20319+3958 20:33:49.3 +40:08:45 0.30 0.51 8.8 ... ... 0 1 4
155 IRAS20332+4124 20:35:00.5 +41:34:48 0.20 1.26 -2.0 ... ... 0 0 4
156 IRAS20343+4129 20:36:07.1 +41:40:01 0.74 1.49 11.5 ... ... 0 1 4
157 IRAS22308+5812 22:32:46.0 +58:28:22 0.07 0.13 -51.8 2.3 24.0 0 1 2
158 IRAS22444+5827 22:46:27.3 +58:43:18 1.28 0.04 -3.1 0.7 18.0 0 1 2
159 IRAS22134+5834 22:15:09.1 +58:49:09 0.86 0.06 -18.3 ... ... 0 2 4
160 IRAS22267+6244 22:28:29.3 +62:59:44 1.38 0.04 -1.7 1.3 108.0 0 2 2
161 S140 22:19:22.2 +63:19:05 2.51 0.08 -7.1 1.8 10.2 0 2 1
162 R146 21:43:49.5 +66:06:46 1.31 ... -9.8 0.9 4.9 0 1 1
163 IRAS22539+5758 22:56:00.0 +58:14:46 0.36 0.05 -53.6 0.9 33.0 0 2 2
164 IRAS22566+5830 22:58:41.3 +58:46:57 0.19 0.24 -50.6 1.8 133.0 0 2 2
165 IRAS22570+5912 22:59:06.5 +59:28:28 0.12 0.15 -46.7 ... ... 0 2 4
166 IRAS23151+5912 23:17:21.0 +59:28:49 0.01 0.10 -54.4 ... ... 0 0 4
167 IRAS22528+5936 22:54:49.9 +59:52:49 0.55 0.03 -53.5 0.8 14.0 0 1 2
168 IRAS23032+5937 23:05:23.1 +59:53:53 0.01 0.02 -51.6 1.5 162.0 0 1 2
169 IRAS22506+5944 22:52:38.6 +60:00:56 0.95 0.03 -51.3 1.5 22.0 0 2 2
170 IRAS23138+5945 23:16:04.8 +60:01:60 0.12 0.49 -43.0 1.1 13.0 1 1 2
171 IRAS23033+5951 23:05:25.2 +60:08:12 0.10 0.04 -52.4 1.7 57.0 0 1 2
172 IRAS23133+6050 23:15:31.5 +61:07:09 0.63 0.31 -57.8 1.2 59.0 0 0 2
173 IRAS23103+6109 23:12:29.7 +61:25:36 -0.10 0.38 -55.0 1.3 11.0 0 1 2
174 IRAS23011+6126 23:03:13.1 +61:42:26 1.95 ... -10.7 1.4 33.0 0 1 2
175 Cep-A 22:56:18.9 +62:01:44 4.67 0.10 -11.1 3.5 21.6 0 1 1
176 IRAS22453+6146 22:47:17.6 +62:01:58 2.70 0.03 -10.4 1.0 42.0 0 2 2
177 IRAS23037+6213 23:05:49.0 +62:29:02 4.06 0.01 -9.8 1.1 24.0 0 1 2
178 IRAS22517+6215 22:53:40.5 +62:31:59 2.07 0.17 -8.9 0.9 73.0 0 1 2
179 IRAS22551+6221 22:57:05.2 +62:37:44 2.13 0.64 -13.4 ... ... 0 0 4
180 IRAS23545+6508 23:57:05.2 +65:25:11 2.85 ... -18.4 ... ... 0 0 4
aFlag 0 means not detected; 1 means detected
bFlag 0 means not detected; 1 means detected; 2 means newly detected
cColumn ref. symbol meanings: 1–(MacDonald et al. 1981);2–(Harju et al. 1993);3–(Schreyer et al. 1996);4–(Sridharan et al. 2002)
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Table 3 H2CO parameters
Number Source VLSR ∆V TMB N[H2CO]
(km s−1) (km s−1) (K) (1013cm−2)
001 00338+6312 -17.8(0.1) 2.5(0.2) -0.17(0.02) 4.25
003 01194+6136 -14.1(0.1) 3.2(0.4) -0.14(0.02) 3.70
004 02219+6152 -39.9(0.1) 4.0(0.1) -0.82(0.02) 3.22
004 02219+6152 b -21.6(0.1) 1.2(0.2) -0.12(0.02) 0.15
005 02230+6202 -43.3(0.1) 2.8(0.1) -0.28(0.02) 1.62
006 02232+6138 -47.5(0.2) 4.8(0.6) -0.09(0.02) 1.77
007 02244+6117 -49.6(0.1) 3.9(0.1) -0.26(0.01) 5.34
008 02575+6017 -38.7(0.2) 1.7(0.3) -0.06(0.02) 0.87
009 02593+6016 -38.0(0.2) 2.2(0.4) -0.05(0.01) 0.91
013 03236+5836 -12.9(0.1) 2.6(0.2) -0.22(0.02) 5.74
014 GGD2-3 6.5(0.1) 2.7(0.2) -0.25(0.02) ...
015 03260+3111 8.0(0.2) 1.9(0.3) -0.20(0.03) ...
017 04073+5102 -25.9(0.1) 1.7(0.2) -0.12(0.02) 0.81
018 04269+3510 -6.6(0.2) 1.6(0.5) -0.03(0.01) 0.39
019 04324+5106 -35.7(0.1) 3.8(0.3) -0.11(0.01) 3.76
019 04324+5106 b -1.2(0.5) 9.0(1.0) -0.05(0.01) 3.18
020 04329+5047 -0.3(0.1) 1.9(0.1) -0.12(0.01) 2.00
020 04329+5047 b -37.8(0.2) 2.3(0.3) -0.05(0.01) 0.95
021 05100+3723 -9.6(0.2) 1.8(0.4) -0.06(0.02) 0.86
023 05274+3345 -3.4(0.1) 3.2(0.3) -0.11(0.02) 3.07
025 05302-0537 8.5(0.1) 1.7(0.1) -0.25(0.02) ...
027 05327-0457 11.2(0.1) 2.2(0.3) -0.12(0.02) ...
028 05334-0611 7.9(0.1) 3.1(0.1) -0.34(0.02) ...
029 05338-0624 7.1(0.1) 4.4(0.1) -0.32(0.02) ...
030 05340-0603 7.2(0.2) 1.5(0.5) -0.14(0.02) 1.99
032 05345+3157 -17.9(0.2) 3.1(0.5) -0.06(0.02) 2.00
033 05363-0702 3.9(0.1) 2.6(0.1) -0.35(0.02) ...
035 05358+3543 -17.4(0.1) 3.9(0.1) -0.15(0.01) 5.68
036 05375-0731 4.4(0.1) 2.3(0.1) -0.72(0.02) ...
037 05378-0750 4.7(0.1) 2.5(0.1) -0.48(0.01) 14.68
038 GGD4 2.5(0.1) 2.2(0.1) -0.28(0.02) 6.52
039 S235 -16.8(0.1) 2.8(0.3) -0.12(0.02) 2.94
039 S235 b -10.8(0.3) 3.7(0.5) -0.06(0.02) 2.07
040 GGD7 4.8(0.1) 1.7(0.1) -0.49(0.02) 10.44
041 05387-0149 9.6(0.2) 3.5(0.4) -0.11(0.02) 1.98
042 05389-0756 4.9(0.1) 2.3(0.1) -0.77(0.02) 27.34
043 05391-0217 10.3(0.1) 2.2(0.2) -0.20(0.03) ...
044 05393-0156 9.0(0.1) 2.0(0.1) -1.51(0.04) 3.48
046 05404-0948 2.7(0.1) 1.1(0.1) -0.23(0.02) 2.53
047 05405-0117 9.2(0.1) 1.7(0.2) -0.23(0.03) 3.87
047 05405-0117 b 2.6(0.1) 3.2(0.3) -0.18(0.03) 5.83
048 05413-0104 4.9(0.4) 4.6(0.9) -0.05(0.02) 2.08
050 05437-0001 10.7(0.1) 1.7(0.1) -0.18(0.02) ...
051 05450+0019 9.5(0.1) 2.6(0.1) -0.42(0.02) ...
052 05480+2545 -9.0(0.1) 2.2(0.1) -0.17(0.01) 3.58
053 05490+2658 0.5(0.3) 3.1(0.5) -0.05(0.01) 1.34
055 06006+3015 -6.4(0.2) 4.2(0.5) -0.09(0.02) 3.27
057 Mon-R2 9.0(0.1) 4.4(0.1) -0.29(0.02) ...
058 06055+2039 8.4(0.1) 3.6(0.1) -0.26(0.01) 8.35
059 06056+2131 2.3(0.2) 1.2(0.4) -0.09(0.03) 1.02
060 06061+2151 0.8(0.1) 4.3(0.2) -0.15(0.02) 6.49
064 GGD12-15 10.6(0.1) 2.2(0.2) -0.18(0.02) ...
065 GGD16-17 11.6(0.1) 2.3(0.2) -0.15(0.01) 2.99
066 06105+1756 8.0(0.2) 3.0(0.3) -0.09(0.02) 2.51
067 06114+1745 7.5(0.1) 2.3(0.1) -0.20(0.02) 4.67
068 06117+1350 16.7(0.2) 2.1(0.3) -0.08(0.02) 1.43
070 06308+0402 16.0(0.2) 1.7(0.5) -0.08(0.02) 1.09
071 ROSETTE-IRS 12.0(0.1) 2.9(0.1) -0.28(0.01) 7.75
072 06380+0949 4.8(0.1) 1.9(0.3) -0.18(0.03) 3.22
073 06384+0932 6.3(0.1) 3.9(0.1) -0.49(0.03) 20.99
075 06567-0355 25.6(0.2) 2.9(0.4) -0.08(0.01) 1.89
076 06581-0848 39.0(0.2) 2.6(0.3) -0.09(0.02) 2.34
081 18090-1832 96.9(0.2) 2.9(0.4) -0.06(0.01) 0.76
082 18102-1800 21.2(0.1) 2.2(0.2) -0.18(0.02) 1.45
082 18102-1800 b 52.9(0.2) 4.0(0.3) -0.15(0.02) 2.20
082 18102-1800 c 34.2(0.2) 3.1(0.4) -0.11(0.02) 1.21
082 18102-1800 d 46.4(0.3) 3.5(0.6) -0.08(0.02) 1.05
083 18089-1732 17.8(0.1) 3.2(0.2) -0.18(0.02) 3.97
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Table 3—Continued
Number Source VLSR ∆V TMB N[H2CO]
(km s−1) (km s−1) (K) (1013cm−2)
083 18089-1732 b 31.2(0.1) 4.1(0.3) -0.17(0.02) 4.51
084 18159-1550 30.4(0.2) 2.4(0.4) -0.08(0.02) 0.97
086 18182-1433 58.3(0.2) 2.8(0.4) -0.11(0.02) 1.72
087 18223-1243 44.7(0.4) 6.0(1.2) -0.09(0.02) 2.45
089 18264-1152 43.9(0.1) 4.5(0.3) -0.11(0.01) 2.76
089 18264-1152 b 24.0(0.1) 1.5(0.2) -0.08(0.01) 0.75
091 18290-0924 82.3(0.4) 7.0(1.0) -0.08(0.02) 2.55
092 18308-0841 93.3(0.2) 5.1(0.4) -0.15(0.03) 3.79
093 18310-0825 86.3(0.3) 9.6(0.6) -0.14(0.02) 4.72
093 18310-0825 b 53.3(0.3) 5.8(0.7) -0.09(0.02) 1.93
094 G23.95+0.15 80.3(0.1) 3.1(0.2) -0.22(0.03) 2.92
094 G23.95+0.15 b 108.3(0.3) 6.5(0.7) -0.11(0.03) 3.15
094 G23.95+0.15 c 52.3(0.4) 6.8(1.0) -0.08(0.03) 2.37
095 18337-0743 56.0(0.1) 7.1(0.3) -0.23(0.02) 5.68
095 18337-0743 b 45.6(0.1) 2.3(0.4) -0.12(0.02) 1.00
096 G24.49-0.04 47.8(0.2) 9.4(0.5) -0.12(0.02) 4.17
096 G24.49-0.04 b 112.0(0.5) 11.0(0.9) -0.06(0.02) 2.28
097 G24.8+0.1 108.2(0.1) 6.3(0.3) -0.22(0.02) 3.84
097 G24.8+0.1 b 51.8(0.1) 3.4(0.3) -0.15(0.02) 1.52
097 G24.8+0.1 c 47.2(0.1) 1.8(0.2) -0.12(0.02) 0.67
099 18348-0616 110.2(0.2) 4.2(0.3) -0.12(0.02) 1.48
100 18372-0541 99.2(0.4) 3.2(1.8) -0.08(0.03) 1.03
102 G28.86+0.07 80.6(0.1) 2.8(0.3) -0.17(0.03) 2.02
102 G28.86+0.07 b 99.6(0.3) 4.2(0.6) -0.11(0.03) 1.97
104 18460-0307 83.5(0.1) 3.0(0.2) -0.20(0.03) 3.91
105 W43S 99.6(0.1) 7.2(0.3) -0.42(0.03) 7.10
105 W43S b 7.0(0.2) 2.7(0.3) -0.18(0.03) 1.14
105 W43S c 49.7(0.2) 2.4(0.3) -0.17(0.03) 0.91
106 18447-0229 104.0(0.1) 2.8(0.2) -0.17(0.02) 1.39
106 18447-0229 b 49.5(0.2) 3.7(0.7) -0.08(0.02) 0.84
107 18437-0216 96.2(0.2) 4.2(0.3) -0.15(0.02) 2.40
108 18426-0204 15.7(0.2) 3.8(0.5) -0.08(0.02) 1.56
108 18426-0204 b 44.2(0.2) 1.8(0.4) -0.08(0.02) 0.68
108 18426-0204 c 92.1(0.3) 4.6(0.9) -0.05(0.02) 1.31
109 18454-0158 93.6(0.5) 8.2(0.5) -0.72(0.02) 11.51
109 18454-0158 b 82.3(0.5) 3.1(0.5) -0.17(0.02) 0.95
109 18454-0158 c 12.2(0.5) 4.9(0.5) -0.08(0.02) 0.65
110 18440-0148 97.1(0.1) 5.7(0.2) -0.25(0.02) 5.07
110 18440-0148 b 81.8(0.2) 5.4(0.6) -0.11(0.02) 2.20
110 18440-0148 c 60.0(0.2) 2.5(0.4) -0.06(0.02) 0.61
111 18454-0136 104.7(0.4) 10.1(0.6) -0.09(0.02) 3.05
111 18454-0136 b 77.9(0.2) 10.2(0.3) -0.09(0.02) 2.76
111 18454-0136 c 41.1(0.3) 7.9(0.9) -0.06(0.02) 1.56
111 18454-0136 d 12.5(0.2) 2.1(0.6) -0.06(0.02) 0.41
112 G31.4-0.3 96.6(0.1) 6.2(0.2) -0.26(0.02) 8.88
113 18488+0000 99.4(0.2) 2.5(0.5) -0.08(0.02) 0.84
113 18488+0000 b 83.1(0.2) 2.1(0.5) -0.05(0.02) 0.54
116 18502+0051 106.4(0.2) 4.4(0.5) -0.09(0.02) 2.23
117 W48 43.3(0.1) 4.0(0.1) -0.49(0.02) 5.65
118 S68 7.8(0.1) 2.2(0.1) -0.37(0.02) ...
119 G34.3+0.1 59.3(0.1) 5.8(0.1) -0.57(0.02) 9.70
121 18515+0157 51.6(0.1) 4.2(0.3) -0.17(0.02) 4.36
121 18515+0157 b 13.8(0.1) 1.5(0.2) -0.12(0.02) 1.03
121 18515+0157 c 43.8(0.2) 3.2(0.5) -0.09(0.02) 1.82
122 18530+0215 14.1(0.1) 2.1(0.2) -0.23(0.02) 2.35
122 18530+0215 b 77.9(0.3) 7.8(0.6) -0.11(0.02) 3.92
123 18540+0220 28.9(0.1) 1.5(0.3) -0.12(0.01) 0.78
123 18540+0220 b 13.3(0.2) 3.1(0.4) -0.08(0.01) 0.97
123 18540+0220 c 19.4(0.2) 1.5(0.3) -0.05(0.01) 0.28
124 18566+0408 85.2(0.1) 5.1(0.3) -0.17(0.02) 4.09
124 18566+0408 b 18.3(0.1) 1.6(0.3) -0.11(0.02) 0.87
125 18553+0414 20.5(0.1) 1.5(0.2) -0.11(0.02) 1.01
129 S76E 28.8(0.1) 5.1(0.1) -0.45(0.02) 12.90
130 19074+0752 68.0(0.3) 3.9(0.6) -0.08(0.02) 1.96
131 G45.49+0.13 59.3(0.1) 5.6(0.4) -0.31(0.04) 7.63
132 19175+1357 9.6(0.4) 8.7(1.0) -0.06(0.02) 2.69
133 19220+1432 68.0(0.4) 5.4(0.8) -0.06(0.02) 1.82
134 19217+1651 2.7(0.1) 4.9(0.4) -0.09(0.01) 3.41
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Number Source VLSR ∆V TMB N[H2CO]
(km s−1) (km s−1) (K) (1013cm−2)
135 19266+1745 21.0(0.1) 2.1(0.3) -0.11(0.02) 1.63
135 19266+1745 b 4.1(0.2) 3.5(0.6) -0.06(0.02) 1.53
136 19282+1814 24.1(0.1) 2.1(0.2) -0.11(0.01) 1.60
138 19411+2306 28.3(0.3) 4.7(0.6) -0.06(0.02) 2.00
139 19413+2332 21.5(0.2) 3.7(0.4) -0.09(0.02) 2.93
140 S87 25.0(0.2) 1.1(0.3) -0.06(0.02) 0.46
141 S88 21.8(0.1) 2.9(0.2) -0.17(0.02) 2.47
142 19471+2641 19.9(0.3) 4.6(0.6) -0.05(0.02) 1.44
143 20081+2720 4.7(0.1) 1.9(0.2) -0.18(0.02) 3.42
144 ON1 10.4(0.1) 4.1(0.2) -0.20(0.01) 8.16
145 20051+3435 10.1(0.2) 2.7(0.4) -0.08(0.02) 1.69
146 S106 -1.2(0.1) 3.5(0.3) -0.11(0.01) 1.22
147 ON2 -1.0(0.2) 6.8(0.4) -0.20(0.03) 5.68
148 20205+3948 -0.5(0.1) 2.0(0.1) -0.32(0.01) 2.56
149 20293+3952 3.5(0.1) 2.6(0.4) -0.15(0.02) 2.12
149 20293+3952 b 9.3(0.4) 6.3(1.2) -0.08(0.02) 2.43
150 20275+4001 0.3(0.1) 2.0(0.1) -0.20(0.01) 1.83
150 20275+4001 b -5.9(0.2) 2.8(0.4) -0.06(0.01) 0.80
152 20216+4107 11.2(0.1) 3.4(0.2) -0.14(0.02) 2.29
153 R131 4.9(0.1) 2.5(0.1) -0.28(0.01) 4.31
154 20319+3958 -0.1(0.2) 1.6(0.5) -0.08(0.02) 0.71
156 20343+4129 5.1(0.3) 3.0(0.5) -0.08(0.02) 0.80
157 22308+5812 -52.7(0.1) 2.5(0.3) -0.08(0.01) 1.46
158 22444+5827 -4.0(0.1) 1.4(0.1) -0.15(0.01) 2.00
159 22134+5834 18.5(0.2) 3.1(0.4) -0.06(0.01) 1.51
160 22267+6244 -3.2(0.2) 3.1(0.3) -0.11(0.02) 3.04
161 S140 -8.3(0.1) 2.7(0.2) -0.17(0.02) 4.25
162 R146 -10.5(0.1) 1.9(0.2) -0.12(0.01) ...
163 22539+5758 -54.7(0.2) 2.9(0.4) -0.06(0.02) 1.77
164 22566+5830 -51.3(0.1) 3.4(0.1) -0.23(0.01) 6.23
165 22570+5912 -47.2(0.3) 4.0(0.5) -0.06(0.02) 1.76
167 22528+5936 -53.8(0.1) 2.0(0.3) -0.05(0.01) 0.96
168 23032+5937 -51.9(0.1) 3.0(0.2) -0.22(0.02) 6.30
169 22506+5944 -52.4(0.3) 2.7(0.6) -0.05(0.02) 1.29
170 23138+5945 -43.9(0.2) 1.4(0.4) -0.06(0.02) 0.55
170 23138+5945 b -41.1(0.2) 1.6(0.4) -0.06(0.02) 0.58
171 23033+5951 -52.4(0.1) 3.6(0.2) -0.22(0.02) 7.75
173 23103+6109 -56.4(0.1) 6.1(0.2) -0.23(0.02) 9.93
174 23011+6126 -11.0(0.1) 2.4(0.2) -0.18(0.02) 4.54
175 Cep-A -11.1(0.1) 2.7(0.4) -0.15(0.03) 3.68
176 22453+6146 -11.2(0.1) 2.0(0.2) -0.15(0.02) 2.89
177 23037+6213 -10.6(0.1) 2.3(0.1) -0.38(0.02) 9.79
178 22517+6215 -10.0(0.1) 2.1(0.2) -0.14(0.02) 2.33
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Table 4 H110α parameters
Number Source VLSR ∆V TMB
(km s−1) (km s−1) (K)
002 00494+5617 -25.8 21.5 0.04
005 02230+6202 -45.8 27.9 0.16
006 02232+6138 -42.5 23.9 0.04
007 02244+6117 -47.9 30.6 0.02
016 03595+5110 -25.7 23.9 0.07
017 04073+5102 -50.7 26.3 0.07
026 05327-0529 -5.4 29.7 1.28
041 05387-0149 3.8 22.3 0.06
044 05393-0156 4.7 18.2 0.37
057 MON R2 12.5 37.3 0.05
062 06068+2030 6.4 26.4 0.05
082 18102-1800 33.1 16.9 0.08
085 18151-1208 26.9 26.0 0.05
091 18290-0924 85.2 26.1 0.04
093 18310-0825 91.1 16.3 0.08
095 18337-0743 92.9 13.4 0.05
096 G24.49-0.04 104.5 44.7 0.06
099 18348-0616 108.6 28.4 0.11
105 W43S 95.8 24.6 0.23
106 18447-0229 101.0 22.4 0.11
107 18437-0216 105.4 24.2 0.04
109 18454-0158 97.0 33.8 0.26
110 18440-0148 100.7 31.7 0.03
113 18488+0000 98.6 27.2 0.03
117 W48 46.1 21.9 0.13
119 G34.3+0.1 54.1 26.4 0.15
123 18540+0220 51.4 22.9 0.08
129 S76E 24.2 21.2 0.06
131 G45.49+0.13 56.9 23.5 0.08
132 19175+1357 10.2 17.0 0.04
133 19220+1432 59.6 34.4 0.04
141 S88 29.5 25.1 0.06
142 19471+2641 15.7 22.8 0.04
147 ON2 -8.6 32.9 0.09
150 20275+4001 10.3 38.2 0.04
170 23138+5945 -45.4 28.3 0.03
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Fig. 12 Detected RRL lines (intensity in T∗A).
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Fig. 13 Sources detected with H2CO (intensity in T
∗
A).
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Fig. 13 Continued
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Fig. 13 Continued
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Fig. 13 Continued
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Fig. 13 Continued
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Fig. 14 Blended HFS simulation of H2CO. The blended spectra of five HFS components are plotted in black lines and
the gaussian fittings are in green line .
